Many studies on the biological activities of nutmeg continue to appear in the literature. The most common targets include GIT, CNS, oxidative stress and inflammation. However, results obtained from most studies are often inconsistent due to the variability of utilized samples, lack of standardized nutmeg products or insufficient amounts of pure compounds for comprehensive follow-up investigation. To address the consistency and supply issue we utilized available technology to develop a reproducible procedure for preparation of specific extracts and isolation of the major phenolic constituents present in nutmeg kernel. A well-defined and reproducible sequence of extraction, fractionation and chromatographic purification was adopted and was guided by HPLC fingerprinting. Spectroscopic methods, mainly NMR, and mass spectrometry were utilized to identify each compound. Thirteen compounds were isolated in a pure form and identified as: elemicin (1), isoelemicin (2), myristicin (4), surinamensin (5), malabaricone C (6), 2-(3'-allyl-2',6'-dimethoxy-phenyloxy)-1acetoxy-(3,4-dimethoxyphenyl)-propyl ester (7), methoxylicarin A (8), licarin A (9), malabaricone B (10), licarin C (11), 5'-methoxylicarin B (12), licarin B (13), and 2-(3'-allyl-2',6'-dimethoxy-phenyloxy)-1-methyl-5-methoxy-1,2-dihydrobenzofuran (3, a new compound). With repeated isolation runs, these pure compounds can be prepared in quantities sufficient for biological evaluation as needed. The availability of purified compounds will also allow the development of specific, accurate, and sensitive analytical procedures for pharmacokinetic studies and for quality control of nutmeg products. Both aspects are essential for nutmeg-focused drug discovery. The same approach can also be adapted to other medicinal plants of potential interest.
Nutmeg kernel is the inner seed tissue of Myristica fragrans Houtt. (Myristicaceae), which is an evergreen tree indigenous to the East Indies (such as Indonesian Maluku Islands, Malaysia, Sri Lanka, Papua, and Sumatra) and is cultivated in the West Indies (such as Cuba, Dominican Republic, Grenada, and Virgin Islands), South Africa, and other tropical countries [1, 2] . Nutmeg is one of the most commonly used spices in the world due to the unique taste and aroma of its volatile oil. The volatile oil (ca. 10% of seed content) consists of terpene derivatives (ca. 88% of volatile oil), such as camphene and pinene, and phenylpropanoids (ca. 8% of volatile oil), mainly myristicin, elemicin, and safrole [1, 3] . Other nonvolatile secondary metabolites include diarylpropanoids (lignans), diarylalkanes (resorcinols), proanthocyanidins and catechins [1, 3] . More than 70% of the kernel's weight comprises fixed oils, lipids, pigments, starch and protein [1] . Relatively few analytical methods, utilizing GC, HPLC and HPTLC, have been reported for nutmeg [4] [5] [6] [7] . These methods mainly focus on fingerprinting its volatile oil [5] , determination of a major constituent [8, 9] , or detection of contaminants, such as aflatoxins [7] .
In addition to its use as a kitchen spice, nutmeg has traditionally been used to increase appetite, improve digestion, and to manage such GI conditions as colic, nausea, diarrhea, and flatulence [1, 3, 10] . Traditional Chinese medicine, Tibetan medicine, and Ayurveda employ multi-ingredient formulas to treat neuropsychological disorders, and many formulas contain nutmeg as a common ingredient [11] . Various online documents and forums present controversial discussions on the psychotropic effects of nutmeg, which is regarded by some recreational drug users as a cheap marijuana substitute [12, 13] . Different attempts to corroborate the traditional uses of nutmeg have been reported in modern literature. For example, a recent study showed nutmeg to have anti-diarrheal activity, particularly in diarrhea cases involving rotavirus [14] . In another study, adipose tissue reduction was shown in rats that were given a nutmeg extract which warrants further investigation to examine the effects of nutmeg on weight and diabetes [15] . Recent studies have also shown that nutmeg may act as a CNS stimulant, psychotropic, aphrodisiac and antiinflammatory agent [11, [16] [17] [18] [19] . For example, Baker et al. found that nutmeg exhibited anti-inflammatory activity, through the inhibition of COX-2, resulting in decreased synthesis of prostaglandins [18] . The traditional use of nutmeg in the treatment of sexual dysfunction was tested in male rats using a 50% ethanolic extract that resulted in increased libido, and potency that was suggested to correlate with the CNS stimulating effects [19] . Both Min et al. and Cao et al. investigated the inhibitory effects of nutmeg neolignans on LPSinduced NO production [20, 21] . Compounds possessing acetylcholinesterase inhibitory activity have also been identified from M. fragrans [22] . An in vivo tetrad assay conducted in our lab with HPLC fingerprinted extracts further supported the CNS-effects of nutmeg which invoked an atypical marijuana-like effect in mice [16] . Further in vitro evaluation in our lab identified fatty acid amide hydrolase (FAAH) and monoacyl glycerol lipase (MAGL) as potential targets for nutmeg extracts with the ethyl acetate fraction being the most active (manuscript under review). It is to be noted that many of the reported studies utilized different nutmeg constituents ranging from pure compounds to extracts of various compositions of volatile oil, phenolic compounds, lipids, polysaccharides, and proteins.
As demonstrated above, nutmeg contains a complex mixture of secondary metabolites with potential for drug discovery. Thus, there is a need to have reliable access to as many of these compounds as possible, in a pure form, to allow for further investigation of their biological activities in a consistent and reliable manner. Such access would also avail these compounds for use as analytical standards in pharmacokinetic studies and quality control of nutmeg products. Towards this goal, we have developed a reproducible procedure for isolation, purification and identification of the major non-polymeric phenolic constituents of nutmeg. A schematic representation of this procedure is shown in Figure 1 . At its core, our approach adapts current technology to traditional phytochemical methods of medicinal plant investigation. A pivotal component of the procedure is a qualitative HPLC method that was developed and optimized to guide the isolation/purification process from beginning to end.
As a result of applying the HPLC-guided procedure to nutmeg kernel, twelve known compounds were isolated in various yields and were identified as: elemicin (1), isoelemicin (2), myristicin (4), surinamensin (5), malabaricone C (6), 2-(3'-allyl-2',6'-dimethoxyphenyloxy)-1-acetoxy-(3,4-dimethoxyphenyl)-propyl ester (7) , methoxylicarin A (8), licarin A (9), malabaricone B (10), licarin C (11), 5'-methoxylicarin B (12) , and licarin B (13) . Another isolated compound was identified as 2-(3'-allyl-2',6'-dimethoxyphenyloxy)-1-methyl-5-methoxy-1,2-dihydrobenzofuran (3) and is being reported for the first time in the literature. Our rational approach towards isolating these compounds is described in this paper.
As shown in Figure 2 , HPLC fingerprints of all purchased nutmeg products showed significant overlap with varying levels of the major markers. Thus, only one product was chosen for the isolation procedure (Mond Trading). Choice was based on product cost, availability and preference kernel over powder. From 370 g of the freshly powdered of nutmeg kernel, 52.2 g of DTE was obtained after initial extraction with MeOH, freeze defatting and concentration.
Successive solvent extraction of DTE resulted in three fractions: hexane (11.5 g), EtOAc (17.6 g), and MeOH (19.3 g). The EtOAc fraction showed an HPLC fingerprint ( Figure 3A ) of the major UVactive compounds of the total extract ( Figure 2 ) and based on our recent work, it was most active in both FAAH and MAGL inhibition assays. The EtOAc fraction was thus chosen for further isolation procedures. Repeated MPLC of an aliquot of the EtOAc fraction (7.9 g) resulted in 12 sub-fractions (75% recovery, Figure  3B ) whose TLC and HPLC fingerprints were aligned to generate a 'roadmap' to aid subsequent HPLC purification of the major constituent(s) present in each fraction ( Figure 4B ). The number of prominent HPLC peaks indicated at least a matching number of compounds in the EtOAc fraction distributed in sub-fractions obtained by MPLC ( Figure 4B ). Minor constituents could also be detected and were marked for possible isolation. All peaks were labeled in numerical order based on HPLC order of elution ( Figure  3A and 4A).
Repeated preparative HPLC of individual flash sub-fractions resulted in the isolation of 13 pure compounds that were identified by NMR and MS data analysis ( Figure 5 ). Twelve are known phenolic constituents of nutmeg comprising phenylpropanoids, neolignans and diarylnonanoids. One compound was identified as a new phenylpropanoid dimer, 3, and is reported here for the first time. Significant steps of its structure elucidation are summarized below.
For compound 3, HRMS indicated a molecular formula of C 21 H 24 O 5 suggesting a substituted phenylpropanoid dimer with 10 doublebond equivalents. HMQC and DEPT135 showed 4 methyl (1 CH 3 & 3 OCH 3 ), 2 methylene (one of which is olefinic), and 8 methine carbons (5 of which are aromatic/olefinic), and 7 quaternary carbons (by subtraction from the 13 C spectrum, 5 of which are oxygenated). 1 H and 13 C NMR spectra indicated that one part of the molecule was an isoelemicin residue. Identity of the isoelemicin residue was confirmed by HMBC correlations between an olefinic methylene proton (δ 5.05) and the methylene carbon (δ 40.2) suggested a propenyl residue attached to a benzene ring, as shown by long-range couplings between the same carbon (δ 40.2) and two aromatic protons (δ 6.56). The two aromatic protons also exhibited long-range couplings with O-substituted aromatic carbons (δ 153.6 x 2 and δ 133.5). Two of the O-substituted carbons were coupled with methoxy protons (δ 3.83). The lack of coupling between the aromatic protons suggested a symmetric aromatic system with two m-substituted methoxy groups. Analysis of another set of HMBC correlations showed a second benzofuran aromatic system with one methoxy substituent whose protons (δ 3.78) were coupled with an aromatic O-substituted carbon (δ 147.2) and three aromatic protons in a 1,2,4 substitution pattern (δ 6.73, 6.67 and 6.94, respectively). The δ 6.94 proton showed long-range correlations with two Osubstituted methine carbons (C-2 and C-3 at δ 82.1 and 72.9, respectively) belonging to the dihydrofuran ring. Further COSY and HMBC correlations established a methyl substituent (H-9) on C-2 (δ 1.00). The two ring systems were joined by an ether bridge between C-3 and C-1' as supported by an HMBC correlation between H-2 and C-1'. Major HMBC correlations are shown in Figure 6 . Thus, compound 3 was identified as 3-(4'-allyl-2',6'dimethoxy-phenyloxy)-2-methyl-6-methoxy-2,3-dihydrobenzofuran and is reported for the first time in the literature. Absolute stereochemistry at C-2 and C-3 is yet to be determined. chromatograms obtained from analytical HPLC, flash chromatography, as well as preparative HPLC were highly reproducible. An essential component of the 'roadmap' is HPLC fingerprinting, which provided an initial overall profile of the extract to direct the purification of individual compounds from their respective MPLC sub-fractions and to verify their identity after purification. The utilization of automation and programmed methods is another key factor for the reproducibility of the overall procedure. Thus, the need to follow a standard operating procedure becomes more significant. This approach may also be utilized with other plant extracts after specific alterations to analytical methods, such as solvents, detection and type of columns, depending on the chemical profile/constituents of each plant. Compounds consistently isolated using this standard procedure may be used (i) for biological evaluation, (ii) as starting material for chemical derivatization or (iii) as authentic standards for quantitative analytical methods for product quality control and/or pharmacokinetic studies. Our lab is currently pursuing a number of these leads. The 'roadmap' approach can also provide shortcuts to specific compounds of interest (depending on nature of investigation) without the need to isolate the remaining ones. However, some of the limitations of this procedure include instrument capacity thresholds and the need to run multiple batches of the successive extraction and isolation steps in order to obtain sufficient quantities of target compounds especially minor constituents. Also, some of the compounds identified in the HPLC fingerprint could not be isolated in a pure form because of lack of column resolution or potential instability. Minor modifications are currently being applied to our procedure to enhance its ability to resolve this issue.
In summary, medicinal plant extracts comprise complex mixtures of secondary metabolites, many of which may be valuable for drug discovery and/or phytochemical profiling and quality control. Isolation and purification of plant secondary metabolites is a challenging task especially with the level of complexity encountered with these types of samples and the skill needed to perform isolation procedures. In an attempt to overcome such a challenge, a reproducible HPLC-guided isolation/purification procedure was developed that is relatively fast and more approachable by less experienced personnel. The procedure was applied to nutmeg which has a complex profile of phenolic secondary metabolites with potential medicinal value. A total of 13 compounds were isolated in varying yields and, among these, one new compound has been identified and is reported for the first time.
The isolated compounds are utilized in our lab as standards for development of quantitative analytical methods and as leads for biological evaluation in a number of assays. The reported approach has also been adapted for use with other medicinal plants currently being investigated in our lab. 
Experimental

Plant material, chemicals and reagents:
Preparation and fingerprinting of total extracts:
A preliminary small-scale extraction was conducted for each nutmeg product as follows: 5 g was ground in a coffee blender (or used as is for purchased powder), soaked in 50 mL methanol (MeOH), ultrasonicated for 30 min and filtered. The solid material was reextracted twice using the same procedure and all filtrates were combined. The filtered extracts were stored overnight at -20ºC and the solid lipid precipitate was subsequently filtered out. The defatted filtrates were fingerprinted by HPLC ( Figure 2 ). One product (Mond nutmeg) was selected for scaled up extraction using 370 g of sample soaked in MeOH (1000 mL x 3). The combined filtrates were concentrated at 45ºC under reduced pressure in a rotary evaporator to produce a defatted total extract (DTE).
Preparation of solvent fractions:
Four batches of successive solid phase extractions were performed with n-hexane, EtOAc and MeOH in a programmable ASE 150 unit. Each batch used 12.0 g of DTE thoroughly mixed with 24 g silica to form a homogenous flowing powder. The DTE-coated silica was packed in a 100 mL stainless steel cylinder which was inserted in the ASE 150 and extracted with each of the above mentioned solvents starting with nhexane. A thin layer of Ottawa sand was packed above and below the sample to enhance solvent flow through the cylinder. After each solvent extraction run, the extract was removed, the following solvent introduced and the extraction program restarted. All solvent fractions were concentrated under vacuum at 45ºC in a rotary evaporator then moved to pre-weighed capped vials. 
MPLC of EtOAc fraction:
